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Introduction
Nitrogen is an essential element for plant growth and development and a key issue of agriculture. Most studies indicate that nitrogen fertilizers contribute to resolving the challenge the world is facing, feeding the human population. The Green Revolution was accompanied by an enormous increase in the application of nitrogen fertilizer. There is however a high heterogeneity of its distribution throughout the world: some areas subjected to pollution whereas others to depleted soil, decreased crop production, and other consequences of inadequate supply.
Biological Nitrogen Fixation (BNF) is known to be a key to sustain agriculture and to reduce soil fertility decline. Research on microorganisms and plants able to fix nitrogen contributes largely to the production of biofertilizers. Thus it is important to ensure that BNF research and development will take into account the needs of farmers in the developing countries mainly.
UNESCO has already addressed this challenge through the Microbial Resources Centre (MIRCEN) initiative. Two BNF MIRCENs were thus established in East (Kenya) and West (Senegal) Africa and focused on the diffusion of rhizobium technology including isolation, identification, collection, maintenance and distribution of rhizobial cultures and inoculants for leguminous crops. Considerable experience in the network approach has been gained through these MIRCENs, which functioned as the bases of projects in BNF technology for East and West Africa.
Below are described briefly some key issues of life supporting system related to basics and applied BNF technology emphasized to rhizobial bacteria (Table 1) . Chen et al.,1994a; Chen et al.,1997 Lajudie et al., 1994; Lortet et al., 1996 biovar sesbania, Sesbania, de Lajudie et al., 1994; Lortet et al., 1996 S .xinjiangense Glycine max, G Chen et al., 1988 de Lajudie et al., 1994 S. 
Genres
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Nodulation: From the Infection Process to the Functioning of the Nitrogenase
The production of nitrogen fertilizer by industrial fixation generates large quantities of carbon dioxide, contributing to earth warming. The natural process of BNF offers an economic means of reducing environmental problems and improving the internal resources. It is a process that allows microorganisms to convert atmospheric nitrogen (N 2 ) to ammonia (NH 3 ) assimilable by associated plants. 
Nodule Formation
Leguminous plants and rhizobia communicate through the gene expression by reciprocally transmitting signals for the activation of the symbiotic genes in two partners. A type of phenolic called flavonoids, are released by host roots plants into the rhizosphere. Flavonoids act as a chemo-attractant for the bacteria to the plant roots, and eventually colonies of rhizobia attach to the root hairs. Flavonoid signal activates expression of nodulation (nod) genes.
In the rhizobial strains there are numerous nodulation genes including the nod genes nodABC and nodD (Figure 1 ). On the surface of the rhizobial bacteria the flavonoids are recognized by a expressed nodD protein. Then nodD binds to a promoter DNA sequence, and thereby activates transcription of nod genes of the operons. A group of nod genes encode enzymes synthesise the rhizobial nodulation signal, Nod factor (Figure 2 ), which triggers development of the root nodules by the plant. The plant roots
recognise Nod factor, through binding to to a surface protein receptor at the sub apical root tip. Perception of Nod factor induces a development inside the root, producing pronounced curling of the root hairs entrapping the rhizobia which establish infection of root. Bacteria gain access to plants cell membrane. The plasma membrane invaginates to form novel infection structure known as the infection thread, a tubular structure that extends from the root hair tip to the lower cells of the root cortex.
Rhizobia enter the infection threads in which they actively multiply. At the same time the underlying root cortex cells are quickly proliferated to constitute the nodule primordia. The infection threads branch out into cells of the nodule primordia. The rhizobia are finally released into the nodule cell and enveloped in a membrane derived from the host cell plasma membrane. At this stage, rhizobial bacteria become bacteroids able to fix nitrogen. Hardarson G (1990 
